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Abstract

Solid waste, that is produced as a result of human activity on a daily basis,
must be properly managed. Like other cities in developing nations, Addis
Ababa is facing problems linked to poorly managing solid waste gathering
operations. This study analyzed the existing public solid waste gathering sys-
tem in the city and undertook a comparative analysis with Shanghai’s solid
waste collection system. Qualitative and quantitative data were collected th-
rough surveys as well as secondary sources and then comparative analysis
with Shanghai has been undertaken. According to the investigation of this
research, solid waste collection coverage of Addis Ababa is 70% and only
28.6% of households have separate solid waste at source. Besides, according to
respondents, 75.3% of residents were using a sack to collect the waste and
only 14.5% were using the waste bin. The study found that lack of access of
infrastructures, a lack of an adequately built collection route system and
schedule, inadequate and faulty facilities for operations, and corner littering
around skips that resulted in improper disposal are among the causes of poor
efficiency of solid waste handling in the metropolitan. Lack of understanding,
improper disposal, the poor status of waste collectors, the absence of the pri-
vate sector, and public engagement are some of the social issues that have
been experienced. The main problem with the incompetence of this sector in
the city was the lack of trained labor and inadequate service delivery. In con-
clusion, based on Shanghai City’s best practices, the research applied about
useful suggestions for strengthening the system and re-designing it.
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1. Introduction

The worldwide population has been growing rapidly, especially in developing
nations [1]. Such rapid growth of population, together with the economic boom
and rising and shifting of community living standards has led to an increasing
municipal solid waste creation rate [1] [2]. Most countries are experiencing
growing pressure on energy, the atmosphere, and biodiversity as a result of glob-
al climate change and economic growth. Pollution of water and solid waste is
becoming increasingly severe [3]. Solid waste is something that isn’t liquid or gas
and is discharged as undesirable, and its management includes storing, processing,
transporting, reuse, removal, or the potential use of a decommissioned dumping
site [4] [5]. Waste material, that is produced as a result of human activity on a
daily basis, must be properly managed. Municipal solid waste management has
become a worldwide challenge [6]. For middle- and lower-income countries, its
administration is more complicated [7].

In urban areas, the solid waste composition is more complex and heterogene-
ous [8]. In most emerging cities, the produced solid waste is not handled prop-
erly concerning storage, collection, transportation, and final disposal and leads
to serious issues. The basic method of urban garbage management refers to [9]
collecting solid waste from the residence, commercial, and public areas and then
conveys it to the landfill. A weak municipal dry waste gathering system could
lead to the atmosphere, water, and soil pollution, and risk to public health [10].
Due to the lack of expertise, capacity, and willingness, the collection phase is de-
scribed as a key issue. In developing nations, garbage collection services reach up
to 50% [11].

Municipal solid waste handling cost accounts for 20% - 50% of the govern-
ment financial plan with 80% - 90% of that spending on waste collection [12].
However, less than 50% of the population obtains the services [13] [14]. It is very
difficult to sustain the solid waste gathering system by government budgets [15],
and local authorities have started to cooperate with the private sector [16] [17].
Besides, municipal solid waste management (MSWM) is strongly influenced by
socio-cultural, environmental, political, legal, and economic factors that need to
be all addressed to realize a sustainable MSWM [18]. However, only careful man-
agement will reduce and control the harm done to the ecology and conserve li-
mited resources [19].

Addis Ababa has one of Africa’s fastest-growing populations. Since its estab-

lishment 100 years ago, the population has increased from 15,000 to 4.59 million
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[7]. Enlarged expansion and increasing of the population in Addis Ababa, com-
bined with a deficiency of resources to deliver basic facilities and urban services,
have led to a series of difficulties such as the increased generation of waste and
inadequate gathering, conveyance, and dumping of solid waste. This has become
the main threat to the urban environment and the well-being of the citizens in
Addis Ababa [20]. Despite this accelerated pace of solid waste production waste
collection rates are lesser than 70% in un-industrialized countries. In the same
way, in Addis Ababa, the competence of the city’s collection and transportation
of solid waste, and dumping system remains poor. More than 50% of the leftover
gathered is regularly discarded by unregulated open landfilling, while 15% in
Addis Ababa is managed by insecure and informal recycling [21].

Insufficient city dry waste collection and conveyance system may have signif-
icant adverse ecological influences, such as transmittable diseases, contamina-
tion of land and water, sanitation barriers, and harm to human health. Its envi-
ronmental fears including pollution of groundwater and shallow water by lea-
chate, and air pollution from burning of waste that is not appropriately collected
and disposed of [22]. There are gaps between what is needed and what is on the
ground. The general objective of the research is to redesign the solid waste col-
lection and transference system for Addis Ababa city based on the best practice
of Shanghai.

Therefore, this research was interested by the need to fill the above gaps in
knowledge by identifying the gaps of the current public solid waste collection
services in Addis Ababa and redesigned an appropriate system based on the com-

parison with Shanghai.

2. Research Design and Methodology
2.1. Background Information on the City of Addis Ababa

Addis Ababa city was founded during Menelik II in 1886. Since then it is the capi-
tal and the largest city in the country. Addis Ababa, the capital city of Ethiopia, is
located between 8°55'N and 9°05'N Latitude and 38°40'E and 38°50'E Longitude.
The city is located at the center of Ethiopia in an area of 540 km?* of which 18.174
km? is rural and its altitude ranges from 2000 - 2800 meters above sea level. It is
bordered by Oromia Regional State in all directions. There are 10 sub-cities and
about 119 districts. Its annual average temperature is between 10°C to 24°C and
the average yearly precipitation is 1200 mm [23]. Infrastructure facilities are found
in a better situation than other Ethiopian cities since they are focused on modern
economic, political, and social activities. The city currently has a population of
4,592,000 (CSA, 2019) out of the total population of the nation which is more than
100 million right now. The city’s population growth rate, which is about 4.36%
annually, is due to both birth and migration (Figure 1).

2.2. Background Information on the City of Shanghai

Shanghai is situated at 31°14' north latitude and 121°29' east longitude, on the
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Figure 1. Location map: (a) Ethiopia, (b) Oromia region, (c) Addis Ababa. Source: Developed using ArcGIS.

west coast of the Pacific Ocean, with the Asian continent’s eastern coastal line
and part of the Yangtze River Delta’s alluvial plain preserved. To the west, Shang-
hai borders the provinces of Jiangsu and Zhejiang. The Yangtze River empties
into the East China Sea north of the city. The average height above sea level is
2.19 meters. Its annual average temperature is 17.7°C and its annual average
precipitation is 1407.9 mm. The city has a total area of 6340.5 km? and is divided
into 16 districts, 107 sub-district committees, 106 villages, and two townships as
of the end of 2019. In 2019, Shanghai had a population of 24.2814 million inha-
bitants, with an average life expectancy of 83.66 years (Information office of

Shanghai municipality, Shanghai municipal statistics bureau, 2020).

2.3. Research Approach

The fundamental idea of this research methodology is to develop (Redesign) a
collection system for the city of Addis Ababa based on the comparison with
Shanghai. The analysis ranges from the identification of waste generators, amount
of waste created and waste compositions, gap identification, waste collection and
conveyance practices, policy options, and intervention strategies that enhance
the sustainability of waste collection and transference system. To achieve the re-
search objectives, data from national, city administration, sub-city, and commu-
nity levels of society were gathered through qualitative and quantitative research

methods and then comparative analysis with Shanghai’s waste collection system
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has been undertaken.

2.4. Data Sources

In this study, all of the required data was gathered from both primary and sec-
ondary sources. To minimize the non-response rate and data incompleteness,
the study used primary data sources from sample households through a standar-
dized questionnaire and face-to-face interviews with state officials from various
sectors and solid waste collector cooperatives. Secondary data was gathered from

a variety of sources, both known and unpublished.

2.5. Sampling Techniques and Sample Size

The study area was chosen by the researcher with the help of officials from the
city municipality office. The sample size has beeen determined based on the sam-
ple’s representativeness and resource constraints. To create the sampling frame,
woredas administration offices created a list of residents. The primary data
sources for this analysis are sample households. The sampling frame population
was made up of 410 households from the 12,850 households in three sample
woredas, which were proportionally distributed for each sample woreda (Table
1). The residents were then chosen at random to ensure the study’s representa-
tiveness. The Krejcie and Morgan method for determining sample size in study
is commonly used. The following formula was used by Krejcie and Morgan

(1970) to determine sample size.
S =X’NP(1-P)/d*(N -1)+ X*P(1-P)

S'is equals to required sample size

X* = the table value of chi-square for one degree of freedom at the desired
confidence level (3.841)

N = the population size

P = the population proportion (assumed to be 0.50 since this would provide
the maximum sample size)

d = the degree of accuracy expressed as a proportion (0.05).

The requisite sample size is calculated using the formula above:

S =3.841x12850x0.50(1-0.5)/(0.05)" (12850 - 1) + 3.841x 0.50 (1 0.50)
=12339.21/33.08275 = 373

Table 1. Summary of a household sample size from each woreda.

The sample size of

No Selected sample Woreda Population size (N) each Woreda (S)
1 Woreda 03 4550 145
2 Woreda 05 3600 115
3 Woreda 08 4700 150
Total 12,850 410
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As a result, the minimum sample size of households for accurate findings was
373. However, assuming a 10% non-response rate, the sample size would be 410
people. Finally, the researcher chose to survey households from various woredas
using the proportional distribution method as shown below (Table 1).

The researcher has developed two survey instruments to gather the necessary
data from households and experts (i.e. questionnaire and checklist). The check-
list’s main objective was to provide a general overview of the city’s current solid
waste collection system and to assist in the detection of garbage collection issues.
After a pre-test, the questionnaire was finalized. This survey was conducted from
September to October 2020.

2.6. Data Analysis Methods

This research has been used in a combination of approaches for quantitative and
qualitative data collection. A questionnaire, observation, and interview were
used to gather primary data. After that, secondary data was collected from the
internet, government reports, and journal articles. All of the collected data from
the sources was analyzed using basic descriptive statistics, including both qualit-
ative and quantitative methods. Percentages, interactive maps, and tabular struc-
ture are examples of quantitative approaches.

Qualitative methods have also been used to interpret data obtained by direct
physical observation or visualization by explaining the phenomenon using per-
sonal judgement and accompanied by photographs. Then, the data have been
exported into software (SPSS V.25.0) for analysis. Data also obtained from ob-
servation and interviews are used during analysis. Comparative analysis of the
solid waste collection and transference system for Addis Ababa and Shanghai
has been undertaken. The study provides a critical analysis of the data collected
to justify the approaches that have been employed to arrive at new knowledge

and remained valid and reliable.

3. Results and Discussions
3.1. Demographic Characteristics of Sample Household

The minimum sample size calculated for this research was 410. However, the
number of residents from each household that responded to the questionnaire
was 385. This makes the response rate of 94%. The distribution of the residents
in terms of social background regarding the sex of the residents who involved in
the study comprised 225 females who account for 58.4% and 160 males who are
41.6%.

Regarding the age of the residents who are involved in the study 132 (34.3%)
were at the age range of 30 - 39, 127 (33.0%) were 20 - 29 years’ age, 48 (12.5%)
were at the age range of 40 - 49, 60 years and above were 25 (6.5%), below 20
years old 34 (8.8%) and the remaining 50 - 59 years were 19 (4.9%).

3.2. Solid Waste Generation Rate in Addis Ababa

According to the rapid population and economic growth, undesirable urban
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planning policy, management of municipal solid waste is a significant challenge
for local administrations since wastes are generated from daily life activities in
massive amounts, which are uncontrolled, and the trend is to increase with time
[24]. As the city continued to grow in its population, the amount and types of
wastes increase. The per capita waste shows an increasing trend.

According to the research done by [25], the per capita/kg/day solid waste
generation of the city was 0.252 kg (As 2010). The quantity and quality of waste
generated from households vary due to an increase in the living standard of the
citizens, increasing the consumption of industrial products, a growth in the ur-
banization projects, establishment of urban agriculture, and the increasing pop-
ulation. There is a continuous and increasing volume of solid waste generation
in the future [26] [27].

The key assumption is that waste generation increases mainly as a result of
two factors: GDP growth and population growth. As a country’s economy de-
velops, so does its per capita waste generation rate. GDP per capita, adjusted for
buying power, is used to measure economic growth. As a country’s population
increases, so does the amount of total waste generated. Daily municipal solid
waste generation per capita worldwide in 2018, by selected counties is depicted

below (Figure 2).
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Figure 2. Daily municipal solid waste generation per capita worldwide in 2018, by se-
lected countries (in kilograms). Source:
https://www.statista.com/statistics/689809/per-capital-msw-generation-by-country-world
wide/ (Accessed online January 10, 2021).
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Studies reveal that municipal garbage has increased from time to time. Cur-
rently, the public solid waste generation is assumed to be 1.3 billion tons of gar-
bage and it will be 2.2 billion tonnes in 2025 worldwide [28]. The recent rise in
the production of various kinds of waste in different quantities and qualities is
due to industrialization [29]. In addition to this, technological advancements
and rapid population growth have resulted in higher levels of consumption and
household waste generation [30]. As a result, crises such as water and soil con-
tamination, greenhouse gas emissions, and negative effects on human life quality
could arise [31].

In Addis Ababa, each person’s solid waste generation amount is 0.45 kg per
person per day and as a total, more than 754,236 tonnes per year was obtained.
There is a 5% increase in urban waste production per year [32]. Because of this
enormous creation of solid waste, city residents considered urban dry waste
handling as an essential and vital urban service. In Addis Ababa, insufficient ur-
ban and industrial solid waste collection and disposal causes a slew of environ-
mental issues [32]. A large amount of garbage dumped in open garbage dumps
or drainage systems, endangering the health of both surface and groundwater
and causing flooding, which provides a breeding ground for disease-carrying
pests. Air pollution is caused by waste burning in open air and indiscriminate
burning in landfills.

In slums, where households do not have access to garbage collection sites, the
situation is exacerbated. The lack of even the most basic solid waste facilities in
densely populated and low-income neighborhoods is the primary cause of high
morbidity and mortality among the urban poor [33]. This increase in waste
makes public garbage collection challenging. Therefore, if the government pays
proper attention to it and allocates a sufficient budget, it could be manageable

and creates a conducive environment for the community.

3.3. Sources of Solid Waste in Addis Ababa

According to the study by [34], a large amount of waste is created in Addis Ab-
aba city from several sources. The city is now facing a huge and complex prob-
lem with waste management. The waste management challenges emerge from an
ever-increasing population of the city, which, in turn, aggravated the unbalanced
waste collection service. The low prioritizing of the sector by the administrative
body of the government is manifested in the allocation of low financing and the
increasing volume and composition of waste created in the city.

There are various categories of solid wastes generated from institutions, house-
holds, hospitals, industries, street sweeping, etc. The types and volume of waste
generated are diverse this is due to several reasons. Economic growth (Income),
living standard, climate, consumption patterns, social and cultural backgrounds
are the major factors. This indicates that as the living standard improves the
amount and type of solid waste created increase and become diverse and com-

plex.
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Domestic solid wastes are wide variations generated from household actions
such as food preparation and feeding, garden wastes sweeping, burning, and
used objects like clothing, furnishings, and abandoned apparatus. Domestic solid
waste mentions to wastes created from housing areas from day to day actions
called “household” solid wastes [21]. These types of wastes in lower-income coun-
tries like Ethiopia nourishment and residue wastes are dominated largely and
account for the uppermost amount of municipal solid wastes. Households, roads,
hospitals, factories, and commercial centers are the primary sources of solid
waste in Addis Ababa. The households account for 76% of the total solid wastes
generated (Figure 3).

According to the discovery of this research, the highest percentage of the
source of solid waste in Addis Ababa is households. Therefore, intensive educa-
tion to raise the awareness and attitude of the households has a significant im-

pact on the garbage collection service of Addis Ababa.
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Figure 3. Source of solid waste generation by sector and its percen-
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tage in Addis Ababa. Source: Addis Ababa cleansing management
agency (2017).

3.4. Waste Composition

As it is observed in studies that there is an increasing trend in solid waste gener-
ation due to population growth and urbanization. Urbanization brings a change
in the lifestyle of the population and an increase in the volume and composition
of waste. The composition of domestic waste is the prime consideration before
collection and considering any process for its disposal or combustion or recy-
cling [35]. In Addis Ababa, the physical composition of solid waste is organic
60%, recyclable 15%, and others 25% [36]. Most of the residents in this study
reported that they generate organic waste 242 (63%), paper and cardboards 52
(13.5%), plastics 42 (10.8%), Fruits and vegetables 16 (4.2%), textile 10 (2.6%),
wood 9 (2.3%), glasses 4 (1%) and others such as ceramics, bones, earthenware,
furniture, metal 10 (2.6%) (Figure 4).

Cheru, (2016) [7] also stated that the physical composition of solid waste
created in Addis Ababa city varies seasonally. Nevertheless, the large percentage
of the waste is compostable, 47% ashes, leaves 15.7%, 4.2% vegetables, and the
remaining wastes that can be recycled such as plastics 2.9%, paper 2.5%, metal
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Figure 4. Composition of solid waste generated by households its percentage in Addis
Ababa. Source: Field survey (September 2020).

0.9%, and glasses 0.5%. Based on these research findings, no matter how varied
the results, organic waste has the highest proportion in the composition. In ad-
dition, according to various studies, the highest percentage of municipal solid
waste in developing nations is organic waste. The reason for this is thought to be
the consumption pattern and living condition of the community. This trend in-
dicates that the majority of waste created by households may be used to manu-

facture compost, biogas, and other types of waste that can be recycled.

3.5. Factors that Influence Solid Waste Collection Service in
Addis Ababa

The current population of Ethiopia exceeds 100 million and it is expected to be
more than 125 million in the year 2025 [37]. This makes the country one of the
most populous nations in Africa next to Nigeria. This shows that the population
explosion brings an increase in urbanization. As it is observed in studies that
there is an increasing trend in solid waste generation due to population growth
and urbanization [28] [38]. Urbanization brings a change in the lifestyle of the
population and rise in the amount and composition of waste. This is manifested
in Addis Ababa city.

Addis Ababa city’s garbage collection service has crippled due to financial re-
sources scarcity, lack of institutional capacity, lack of sufficient infrastructures,
and absence of cooperation among various stakeholders. This in turn has made
it difficult to render the basic solid waste gathering facility to the community.

The other challenge is related to the waste collection trucks, which are old and
they can stop for several technical problems. Moreover, the lack of containers
and spaces to place the container, and lack of institutional capacity to conduct

timely supervision are the challenges mentioned in the interview.

3.5.1. Waste Collection, Storage, and Transference Systems
The method of collecting waste from its source, transporting it to nearby public
solid waste containers or transfer stations, and eventually dumping it at a landfill

site is known as collection and transference of solid waste [39]. This practical
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component is a very important and required part of municipal garbage man-
agement because it determines the output and efficiency of the service.

Addis Ababa municipal had started its solid waste service some six decades
back, however, now the provision cannot meet the shifting demands. The com-
munity waste collection facility is insufficient, and scenes of distributed waste
are common in most of the city [40]. According to the present policy, the ad-
ministration workers, private companies based on prescribed agreements, and
Micro and Small Enterprise (MSE), collect solid wastes. However, the principle,
affirming that the waste creators are subject to put their wastes into different
containers based on the exact type of wastes, is not experienced in the city [41].

The (2010) estimate of the United Nations (UN) indicated that only 65% of
the solid waste created in the city is properly collected and dumped, while the
remaining 35% of the waste being discarded improperly in open spaces, drainage
systems, streets, and rivers.

Regarding solid waste storage, the researches were done by [42] [43] revealed
that in Addis Ababa city garbage management, different types of containers are
used to primarily store wastes in the households. These storing containers are
not standardized such as sack, card boxes, cans, bamboo containers, baskets, and
plastic bags. The households in the study area also stated that they store the solid
waste 290 (75.3%) used sacks as primary storage, 56 (14.5%) used dustbins, 34
(8.8%) threw the waste in a corner area while those 5 (1.3%) disposed the waste
straight to the storage.

The reason that the households dispose of solid wastes improperly may be due
to shortage of awareness on how to dispose of wastes, insufficient waste collec-
tion facilities, carelessness, absence of proper legal control, and enforcement.
This implies that standardized waste container is necessary to safeguard the
proper storage and transportation of the waste; the need to raise the communal

awareness on the problems created by environmental and personal health.

3.5.2. Accessibility to Solid Waste Collection

The distance of the containers from the residential area is also another factor
that affects the efficiency of solid waste collection. The existing distance of the
transfer station or containers from households is 0.5 km to 1 km far away in Ad-
dis Ababa, while the recommended standard is 150 m [25]. In unintended set-
tlements such as shantytowns or low-income areas, this is extremely important
and thus affects the choice of equipment.

As respondents reported in the study, the containers are placed with a dis-
tance of 0.5 km 153 (39.7%), 86 (22.3%) with a distance of 0.5 - 1 km, 10 (2.6%)
more than 1 km, and no containers at all are 138 (35.8%). According to the in-
vestigation of this survey, 35.8% of the respondents have no waste disposal con-
tainers at all. This is one of the serious difficulties and obstacles for the effective
solid waste collection provision in Addis Ababa city.

The secondary solid waste collection or transportation time interval of the

containers from the transfer station to the final discarding site is discussed as
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follows. According to the respondent’s response is collected weekly 268 (69.6%),
every two weeks 64 (16.6%), and more than two weeks 53 (13.8%). From this, we
can understand that the time interval of the collection is very long and it is
causing environmental pollution and health problems for the community. It in-
dicates that a weak service delivery system of the solid waste management agen-
cy.

Researches indicate that as much as 60% of solid wastes in a low-income
country are collected [44] [45]. The same is true for Addis Ababa city where 30%
(620 tons/day) of the solid waste left uncollected. The remaining solid wastes are
discarded in the drainage, burned, or buried. The informal/throwing of solid
wastes in this way is due to the shortage of availability of containers, and the
timely transportation of the containers. This indicates that the agency’s waste
collection and transference management system has weaknesses, a fewer number
of trucks, and a lack of supervision.

According to the interview from the city’s health office, an insufficient city
garbage collection services may have significant negative environmental impacts,
such as infectious diseases, sanitation barriers, and harm to human health. Its
environmental fears include pollution of groundwater and shallow water by lea-
chate and air pollution from the burning of waste that is not appropriately col-
lected and disposed of.

3.5.3. Awareness and Attitudes

Mismanagement by humans and sometimes short-sighted economic policies by
national governments have had a tremendous negative effect on biodiversity and
the natural environment around the world. Some scientists believe that the solu-
tion to this problem may lie in a thorough analysis and understanding of human
environmental awareness and attitudes [46]. Public awareness and outlooks to
waste can influence the whole solid waste handling system [47]. All aspects of
waste management, from domestic waste separation to waste storage and reuse,
collection frequency, scattering quantity, willingness to pay for waste manage-
ment facilities, and opposition to the location of waste handling and dumping
facilities, rely on public awareness and participation [48].

According to [42], as much as 80% of the solid waste created in the house-
holds are not separated by the residents in Addis Ababa. This waste is not much
of it taken to recycling firms and reused. But there are fewer households that
separate wastes as organic and inorganic [49]. The household trend in solid
waste separation in Addis Ababa is not as much as needed. Those who are sepa-
rating waste are for selling, reusing, or recycling [50].

The economic value of waste can increase if waste is segregated at the source,
stored in separate storage materials, and collected in day-to-day activities. In this
study, findings reveal that 110 (28.6%) of the respondents replied that users have
stored their waste with separation whereas the remaining 275 (71.4%) of the
respondents confirmed that they do not separate solid waste in to biodegradable

and non-biodegradable. The respondents who separated wastes account for plas-
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tic (34.5%), organic (39.7%). The reason behind this is that they sell plastics,
scrap metal, and use it as a source of income. However, the awareness of the so-
ciety regarding environmental impact and solid waste separation according to its
nature is very low. In addition to this, there is no policy to show the classifica-
tion of solid waste in Addis Ababa, which is the pre-condition for the separation

and all treatment system.

4. Comparative Analysis of Municipal Solid Waste Collection
Systems in Addis Ababa, Ethiopia, and Shanghai, China

This section of the comparative analysis tries to examine the different elements
of MSW collection in Addis Ababa, Ethiopia, and Shanghai, China, as well as
discuss potential lessons that can be learned from Shanghai’s MSW collection
system to aid the development of an integrated waste collection system in Addis
Ababa. Section 2 (description of the study area) provides background informa-
tion on the two cities to help readers better understand their characteristics. To
allow for comparisons between waste collection systems in the two cities, estab-
lished waste collection systems are defined in terms of waste generation, waste
composition, waste collection methods, and service coverage. Information from
questionnaires, interviews, and reports for Addis Ababa, as well as published ar-
ticles and documents obtained from the city authorities’ official websites for
Shanghai, was used to explain the waste collection systems. The solid waste col-
lection schemes in Addis Ababa and Shanghai are then compared in terms of
integrated solid waste collection’s main characteristics. After that, some final
thoughts are offered on how Addis Ababa can build an integrated solid waste
collection facility based on the successful features implemented by Shanghai.
According to the statistical data of both countries (China and Ethiopia), the
population of the two cities has a great difference. The population of Shanghai
during the years of 2010, 2015, and 2019 was 20.31, 23.48, and 24.28 million re-
spectively (Shanghai municipal statistics bureau 2020). However, the population
of Addis Ababa was 3.13, 3.87, and 4.59 million in the same years (Central Sta-
tistics Agency of Ethiopia, 2019). In addition to this, the GDP per capita of the
two cities has a large difference. The GDP per capita of Shanghai was 20,392
USD (Shanghai statistical yearbook 2018) whereas the GDP per capita of Addis
Ababa was only 858 USD in the same year (Central statistical agency of Ethiopia
2019). Based on this information comparative analysis and discussion of the key
features of solid waste collection practices of the two cities were undertaken as

follows.

4.1. Waste Generation

As a country’s economy develops, so does its per capita waste generation rate.
GDP per capita, adjusted for buying power, is used to measure economic growth.
As a country’s population increases, so does the amount of total waste generated.

On average, 1.02 kg per capita of household solid waste is generated in the city of
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Shanghai per day [51]. Addis Ababa’s daily municipal solid waste generation av-
erage is 0.45 kg per capita. In 2018, the city of Shanghai handled a total of 26,000
tonnes of waste (Shanghai Bureau of Statistics, 2019), while Addis Ababa gene-
rates 2066 tonnes of waste per day [21]. In Addis Ababa, households are ex-
pected to produce the most waste (76 percent), followed by commercial and
other institutions (9 percent), and hospitals with the lowest proportions (1 per-
cent ). Every year, the municipality’s waste generation rate is expected to rise by
5%. The total waste amount generated and per capita waste generation in Addis
Ababa are lower than those in Shanghai, according to the findings of this report.
Since Shanghai’s large population and economic growth (GDP per capita) may

be the key factors causing this situation.

4.2. Waste Composition

The composition of domestic waste in the cities of Shanghai and Addis Ababa
was depicted below (Table 2). The data for Addis Ababa’s waste composition
was limited to household waste; other non-residential waste treated by the city
authority was not included. The waste composition available for Shanghai per-
tains to total municipal waste. Although the waste composition for Addis Ababa
does not cover all waste sources, comparing it to the waste composition for Shanghai
reveals a significant difference in waste composition.

The waste in Addis Ababa is mostly made up of biodegradable materials, with
a significant amount of paper and cardboard thrown in for good measure. Or-
ganic waste and plastics dominate household waste in Shanghai and are present
relatively in a large proportion. Shanghai also generates a higher percentage of
paper and cardboard next to organic waste and plastic, which is recyclable. The
disparities in waste composition can be traced back to the inhabitants of the two
cities having different living conditions and lifestyles. Differences in waste com-
position can be seen in the quantity and types of natural resources available in

the two cities’ countries.

Table 2. Available waste composition data in Addis Ababa and Shanghai.

Waste component Shanghai' (%) Addis Ababa" (%)

Paper and cardboard 9.57 13.5
Plastic 15.71 10.8
Wood 2.69 2.3
Cloth/textile 2.3 2.6
Kitchen waste 58.37 63
Fruit and vegetables 6.6 4.2

Metal 033

Glasses 2.53 1

Stone 053 e

Hazardous waste 005 e
Others 1.31 2.6

Source: 'MSW composition in Shanghai [52]. "Field survey (September 2020).
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4.3. Waste Collection Methods, Service Coverage, and
Separation Practice

Shanghai’s municipal waste management facilities are available to all city resi-
dents. Residents of the city have been given instructions on how to manage the
different forms of waste created in order to ensure that all waste generated in the
city is collected. Municipal solid waste is divided into four groups in Shanghai:
recyclable, dangerous, wet, and dry waste. Hazardous, recyclable, wet, and dry
waste should be placed in the red, blue, brown, and black bins, respectively [53].
First, people are expected to categorize waste and then throw it into the correct
bins. It will not collect unclassified waste. Besides, people are expected to throw
waste at designated locations and times. No waste collection outside of the time
slots and places specified is allowed. About 31,319 units of solid waste collection
points and 80,360 units of trash cans are available in Shanghai [54]. The waste
will then be collected by eligible businesses and transported to various locations
for proper disposal. Recycling businesses can recycle recyclable waste in order to
maximize resource usage. Hazardous waste will be transported to waste treat-
ment plants where it will be treated with high-temperature, chemical, and other
treatment methods to render it harmless. After complex chemical and biological
treatments in waste treatment plants, the wet waste can be used to generate bio-
gas or used as a natural fertilizer. Dry waste can be incinerated to produce ener-
gy in waste incineration plants or discarded in landfills. Different kinds of waste
will be transported by various forms of waste vehicles. To collect and move
waste on time, tens of thousands of waste vehicles have been arranged.

For the entire waste throwing, processing, transportation, and disposal process,
laws and regulations have been implemented. Those who fail to properly classify
and/or throw waste, for example, will be fined CNY 50 to CNY 200, and waste
conveyance enterprises that mix the categorized waste will be punished CNY
5000 to CNY 50,000, as per the Shanghai Municipal Solid Waste Management
Legislation [53].

In the case of Addis Ababa, two types of methods are employed for the collec-
tion of municipal solid waste in the city. Primary and secondary collection sys-
tem. Micro and small enterprises with formal agreements to collect from houses
and dump them in specified containers conduct the primary collection. They use
a door-to-door method to gather and dumped in an alternative container to be
picked by secondary collectors, the sub-city, and private firms, and then dumped
it at the city’s landfill. These are the house-to-house (curbside) solid waste col-
lection utilizing a hand pushcart and communal solid waste collection.

The secondary collection is a system of transferring garbage from the con-
tainers to the last discarding site, undertaken by the municipality, which signifies
the maximum level in the transportation system. The communal collection me-
thod includes the placing of metal containers (skips) at designated sites known
as transfer stations, shared within that group by many buildings. When the skips
are full, the skip loading trucks are transported and thoroughly cleaned at the
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final disposal site. Container services also rely on collecting waste from institu-
tional and industrial premises. From the total of the waste generated only 70% is
collected in the municipality.

According to the finding of this research, the comparison of solid waste col-
lection and separation rate of both cities have been shown below (Figure 5).

The role of the private sector in this system is limited other than informal col-
lectors of recyclable wastes. It is well prepared for Addis Ababa’s regulations and
laws. However, there is a significant difference between what is written in the ar-
ticles and what is actually done. There has been no substantial improvement in
the ten years since any of the proclamations were issued. In addition, the rules
are mostly non-practical. The effort required to put the regulations into effect
has somehow been overlooked. Despite the fact that all of the regulations are
good in theory, only a few of them are implemented by the city administration
and citizens, and little enforcement is done. Many residents find it difficult to
comply with the regulations since they lack access to a proper solid waste system
that helps them to manage their waste in accordance with the rules. The Com-
parison of GDP per capita, waste generation per capita, solid waste separation,
and collection rate of Shanghai and Addis Ababa were depicted below (Table 3).

120
100

100 90
o
S 80 70
5
&
% 60 B Shanghai
E 40 286 ® Addis Ababa

0
Collection coverage ~ Separation rate at source
Figure 5. Solid waste collection and separation rate of Shanghai and Addis

Ababa.

Table 3. Comparison of GDP per capita, waste generation per capita, solid waste separa-
tion, and collection rate of Shanghai and Addis Ababa.

Indicators Shanghai' Addis Ababa"
GDP per capita $20,392 (As 2018) $858 (As 2018)
Solid wast ti
ondwas .e generation 1.02 kg/day 0.45 kg/day
per capita per day
Total solid waste generation o
K . 9 million tons 754,236 tons
per year in the city
Solid waste separation
R X 90% 28.6%
coverage in the city
Solid waste treatment
100% 70%

coverage in the city

Source: '[55], "Field survey (September 2020).
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4.4. Control and Handling of All Wastes Generated

In 2018, Shanghai handled a total of 9 million tonnes of waste, compared to
754,236 tonnes produced in Addis Ababa, which has a per capita waste genera-
tion of 0.45 kg/day and a population density of 8148 people per km? This com-
parison indicates that, despite having a lower per capita waste generation rate
and a lower overall amount of waste to handle than Shanghai, Addis Ababa’s
collection coverage is extremely poor. This suggests that the amount of waste
handled in a developing country’s urban area is less than that handled in a de-
veloped country’s urban area; therefore, integrated waste management systems
in both urban settings are urgently needed. The city of Shanghai uses a variety of
collection and treatment methods to ensure that all waste produced in the city is
accounted for, while more than 30% of waste generated in Addis Ababa is not
collected or accounted for. Furthermore, Shanghai’s solid waste separation prac-
tice is exemplary even for other Chinese cities, whereas Addis Ababa’s perfor-
mance is insignificant. The two waste collection systems in Addis Ababa could
be carefully evaluated and optimized for different parts of the city to ensure that
all waste generated is accounted for. The city of Shanghai’s waste and resource
material collection bylaw holds the municipal government and people responsi-
ble for the disposal of all waste produced in the city [53]. This means that the
city’s waste is under control. Addis Ababa’s waste management bylaw needs to
be updated. The responsibilities of residents and local governments should be
defined in the revised bylaw, with stringent and consistent penalties that pro-
mote enforcement, as seen in the City of Shanghai’s waste management bylaws.
Lastly, based on the best practices of Shanghai, the solid waste collection sys-

tem of Addis Ababa city might be redesigned as discussed below (Figure 6).

The old solid waste collection system
in Addis Ababa city

The redesigned Solid waste collection system
for Addis Ababa city

[ Solid waste generation

] [ Solid waste generation ]

I

[ Unsorted waste collection ]

‘Waste classification and separation at source

|

Primary
collection

Waste collection separately ]

-

Secondary
collection

stations with in the distance of 0.5 -1 km

[ Metal containers as a waste transfer

)

y
Transportation of all wastes by a single
vehicle

)

[ Final gisposal of waste at open dumping
site

)

Accessable transfer stations with in the distance of
150 meters

waste vehlcl

Comg)ostlng RecycCling Incnneratlon Sanitary
ite center plant landfill

Figure 6. The previous solid waste collection system and the redesigned one for Addis Ababa.
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According to this design, there are fundamental differences between the new
and the old solid waste collection system. The first difference is the classification
of solid waste according to its nature and the need for separation at source. The
second difference is the collection and loading system. In the old system, all the
garbage was unsorted and transported by a single truck. However, with the new
design, all types of waste are collected separately from the source and then
transported by different, safe, and specific waste trucks. The third difference is
the accessibility of waste collection containers. In the old system, its distance
from the household is 0.5 - 1 km, whereas 150 m distance is proposed in the new
one. The other difference is the final disposal system. Under the old system, the
entire city’s waste was taken to an open garbage dumpsite. In the new design,
however, the wastes will be taken to different treatment facilities. Accordingly,
the solid waste collection and transference system of Addis Ababa city will be

improved.

5. Conclusions

This paper has tried to explore the status and spatial coverage of municipal solid
waste collection provision of Addis Ababa city and then a comparative analysis
with Shanghai’s has been undertaken in general. According to the finding of this
study, the solid waste collection performance of Addis Ababa city is very low
when compared with Shanghai. Especially solid waste segregation at source is
insignificant. The research examined into the rate at which households generate
solid waste, how they collect it, and the factors that influence the city’s solid
waste collection service.

The city of Shanghai’s waste collection system has made significant progress
in recent years, owing to the city’s belief that a sustainable waste collection ser-
vice is founded on strong guiding principles, good service delivery standards, as
many local solutions as possible, and running at a fiscally responsible rate. This
attitude is needed to drive waste collection in Addis Ababa, as well as the major-
ity of developing countries, towards higher levels of sustainability. Any signifi-
cant improvement in Addis Ababa’s MSW set would necessitate close collabora-
tion between the government, the private sector, and people. The resources and
characteristics available for municipal solid waste collection in Shanghai and
Addis Ababa are different as elaborated in the municipal solid waste collection
overview. The following are some of the lessons that can be learned from
Shanghai’s collection system in order to boost municipal solid waste collection
in Addis Ababa:

% Preparing a city-wide strategic, coordinated solid waste collection plan and
design. The plan should be created with the city’s socioeconomic and cultural
framework in mind, as well as the waste generation sources, quantity, and
characteristics. All potential stakeholders in the waste collection system must
be listed and brought together when designing the proposal. To ensure that

stakeholders feel like they are a part of and committed to the waste handling
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system’s efficiency, all stakeholders should agree on the target and perfor-
mance metrics and communicate them properly to all parties.

+ Intensive education of the city’s residents is needed to ensure that they fully
understand the health risks raised by inadequate MSWM, which will moti-
vate them to pay attention to MSWM services.

¢ The government’s rules and regulations should be in line with the realities of
the city. There is also a need for thorough study in order to develop a plan for
implementing laws, legislation, and declarations, as well as how to instill val-
ues in society. To ensure that there are no grounds for noncompliance, these
bylaws should be made available (communicated sufficiently) to the city’s

residents.
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